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The t r a n s f e r  equat ions  e s t a b l i s h e d  by W.Unno t o  descr ibe  

t h e  formation of  a l i n e  i n  t h e  atmosphere i n  the  presence o f  a 

uniform magnetic f i e l d  a r e  reso lved  i n  t h e  Shuster-Schwartzshield 

approximation. This  s o l u t i o n  is compared t o  t h a t  obt,ained i n  t h e  

PIilne-Eddington approximation. 

COVER-TO-COVER TRANSLATION 

The system of t r a n s f e r  equa t ions  desc r ib ing  t h e  v a r i a t i o n  

o f  S t rokes  parameters as a func t ion  of  i n  t he  formation of a 

l i n e  i n  t h e  presence of  a uniform f i e l d  has been obtained by W.Unno. 

r e f  1 .  The s o l u t i o n  of  t h a t  system allows t o  o b t a i n  t he  emer- 

gent  i n t e n s i t y  f o r  t he  t h r e e  independent parameters - I , Q , V ,  and 

thus  t he  p r o f i l e  of  t h e  l i n e  f o r  any observa t ion  condi t ions .  The 

a p p l i c a t i o n  of t hese  equat ions  is necessary,  s t r i c t l y  speaking,  

t o  de r ive  informations. .  on t h e  magnetic f i e l d  of  a s i n g l e ,  complete 

o r  par t ia l .  observa t ion  o f  t h e  Zeeman t r i p l e t .  



The t r a n s f e r  equa t ions  a r e  t h e  fo l lowing  : 

c'? - . . .. 1 1 %  ' '-J.v..: 

r 
where 0 is t h e  emergence angle ; % - t h e  he igh t  i n  t h e  atmosphere ; 

I ,  Q, W a r e  t h e  So tkes  parameters ; xc - t h e  abso rp t i on  c o e f f i -  

c i e n t  i n  t h e  continunm ; S  , B - are t h e  source  - func t i ons ,  r e s p e c t i -  

v e l y  i n  t h e  l i n e  and i n  t h e  continuum 

2 - , X I + -  x,. 
jx.=(. -T)sinv> 

-2 _ ., . 

9 be ing  t h e  'angle between t h e  f i e l d  and t h e  aiming l i n e  ; x is t h e  
P  

abso rp t i on  c o e f f i c i e n t  f o r  t h e  o s c i l l a t o r  n of  t h e  Loren tz  theory ,  

*I and xr - t hose  o f  t h e  o s c i l l a t o r s  - 2 6 ( c a s e  o f  t h e  Zeeman 

t r i p l e t ) .  These abso rp t i on  c o e f f i c i e n t s  a r e  i d e n t i c a l  t o  t h a t  of  

t h e  l i n e  i n  t he  absence of a f i e l d ,  and d e f l e c t e d  by f &(A) f o r  

t h e  o s c i l l a t o r s  2 6. 

The a n a l y t i c a l  s o l u t i o n  o f  equa t ions  ( 1 )  and (2 )  h a s  been 

g iven  by Unno f o r  t h e  Milne-Eddington approximat ion:  xp x l , x r  - independent  from. ; S = B ;  B be ing  a l i n e a r  func t ion  of  t h e  

o p t i c a l  depth i n  t h e  continuum Cc. The ob ta ined  s o l u t i o n  i s  s imp le ,  

b u t  has  t h e  inconvenience o f  be ing  based upon t h e  hypothes i s  t h a t  

t h e  s e l e c t i v e  abso rp t i on  c o e f f i c i e n t  t o  continuous abso rp t i on  coef-  

f i c i e n t  r a t i o  is independent from t h e  depth.  Th is  approximation is  

p h y s i c a l l y  very i n c o r r e c t  f o r  t h e  n e u t r a l  atom l i n e s  i n  t h e  s o l a r  

atmosphere. 



Another c l a s s i c a l  approximation (~chuster-~chwartzshield) 

consists-- . in assuming t h a t  a l l  ' the  absorbing atoms i n  the  l i n e  a re  

concentrated i n t o  a s u p e r f i c i a l  l a y e r  where X C  = 0 ; below t h a t  

I t inver t ing  layer"  X 
P, z r r  

= 0. With such a two-layer atmosphere 

model the  s o l u t i o n  of equations ( 1 )  and (2 )  may a l s o  be obtained 

i n  an a n a l y t i c a l  form. We s h a l l  present  i t  below i n  terms of  

d e p r e s s i o n  of the  continuum r1 = ( I ~  - 1 ) 1  etc . .  
I 

Assuming the  s e l e c t i v e  absorpt ion c o e f f i c i e n t s  x 
p92,r 

independent from .z i n  the " invert ing" l a y e r  of t o t a l  th ickness  2, 
. - 

we introduce the  o p t i c a l  thicknesses  4Tp xfl Z, Ti = xtZ9 T~ = ,.,. Z, ' --- - . - -  -- -- 

and t h e  o p t i c a l  thicknesses '  -Those d e f i n i t '  is given by the 

equat ions (2). Let  us  moreover pos tu la t e  t h a t  :d';.' - 
'yv - 

a n d  cos 0 = p. The s o l u t i o n  of (1 ) t hen  becomes : 

10 being the  inc iden t  i n t e n s i t y  under the  " inver t ingM l a y e r  and 

a funct ion of  cos 6 ;  S i s  the  source-function i n  the  I1invertingTt 

l a y e r ,  assumed constant.  

The obtained s o l u t i o n s  i n  t h e  two extreme approximations 

of Milne-Eddington and Schuster-Schwartzschield have d i f f e r e n t  

c h a r a c t e r i s t i c s .  F i r s t  t he  center-edge p r o f i l e  v a r i a t i o n  is deeply 

modified ; i n  the Tlilne-Zddington case t h e  depressions r have t h e  
. 

form f ,  (cos 0) fa$.& - and i n  the  case Sthuster-Schwareshield - 
A--- -- - 

f ~ ( c o s ~ ~ f , [ c o s ~ ,  1). - Limit ing ourselves t o  the cen te r  of the  d i sk  - -  - -  
(cos @ = 1 )  l e t  us  take a t y p i c a l  l i n e ,  and l e t  us choose the para- 

meters descr ib ing  t h a t  l i n e  s o  as i ts p r o f i l e  be p r a c t i c a l l y  the  

same as i n  the  absence o f  a f i e l d  i n  the  tvio approximations : The 



~3l~~nu"ia-ioi-is by mezLns of the Jnno fox-l'izulse aild I a r ~ ~ v l i  7 ( ' 
tha t  t h i s  i6.cnl i t -y 01 both representations is not 

presence oZ ;' ana;ne tic field (except t:-,i,s ficl-I? 5.:- :-: - 5 -,- 

d i n ~ ~  ) . 
n  he c?e ter:i~lnetia~l of size and dircctior? p a r 3  -?: cc\- r; cl 

the field stzrtimg frox y~rofile ncasarements in 130?-; ~4 " 2  1-5.. ' T 

depe11~I.s senzibly on tile model utilized to describe t, si 

in tni: li;?~. 
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